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INTRODUCTION 

The  dehydration  of  forages  is  an  important  industry  in  America.  Prac- 
tically all  commercial  formula  feed  manufacturers  use  some  dehydrated  forage  in 
their  mixes.  Dehydration  is  of  special  importance  in  Kansas  because  of  the 
large  acreage  of  alfalfa,  and  the  availability  of  an  ample  and  cheap  supply  of 
natural  gas  as  a  source  of  heat.  In  production  of  dehydrated  alfalfa  for  1954 
Kansas  ranked  second  in  the  United  States  with  154,100  tons.1 

Dehydrated  alfalfa  is  a  valuable  feed  for  cattle  because  of  its  high  pro- 
tein and  oarotene  content.  Carotene  content  of  dehydrated  alfalfa  is  much 
higher  than  in  the  sun-cured  alfalfa.   In  some  instances  there  are  the  added  ad- 
vantages of  savings  on  cost  of  shipping  and  handling. 

Generally,  dehydrated  forages  are  finely  ground.  This  is  done  to  facili- 
tate processing,  and  in  mixing  with  other  feeds.  The  finely  ground  product  is 
easier  to  handle,  and  requires  less  storage  space. 

It  was  observed,  first  by  Forbes  et  al.  (1926)  and  later  by  Kick  et  al. 
(1937),  that  the  use  of  ground  roughage  for  cattle  caused  impairment  of  rumina- 
tion. A  reduction  in  rumination  was  observed  by  Powell  (1938,  1939)  and  Voelker 
(1949)  when  the  roughage  ration  consisted  of  dehydrated  alfalfa  pellets. 

This  study  was  undertaken  to  obtain  further  fundamental  information  on  how 
rumination,  rumen  motility,  and  other  physiological  behaviors  of  cows  are  af- 
fected by  the  feeding  of  finely  ground  roughages. 


Alfalfa  Heal  Production,  U.S.D.A.  Agr.  Marketing  Service,  Grain  Division, 
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REVIEW  OF  LITERATURE 

Rumination,  according  to  Schalk  and  Amadon  (1928),  "-  is  the  result  of  a 
highly  complex,  reflex  mechanism  dependent  upon  proper  stimuli,  the  nature  and 
quantity  of  the  food,  and  quite  definite  moisture  requirements." 

Theories  were  postulated  but  there  was  not  much  known  concerning  rumination 
and  regurgitation  until  the  experimental  work  of  Colin,  Flourens,  Chauveau,  and 
Toussaint  in  tue  middle  19th  century,  as  oited  by  Schalk  and  Amadon  (1923), 
Chauveau  theorized  that  regurgitation  was  brought  about  by  a  special  aspiratory 
act  of  the  thorax  with  a  closed  glottis  which  foroed  the  rumen  material  into 
the  cardia.  Later,  Chauveau  and  Toussaint  proved  this  to  be  true,  by  the  use  of 
f istulated  animals.  This  was  contradictory  to  the  belief  that  rumen  contrac- 
tions forced  the  bolus  into  the  mouth. 

These  findings  were  overlooked  in  America  until  1921,  when  Chauveau' s 
theory  of  regurgitation  was  incorporated  in  Smith's  (1921)  "Iknual  of  Veterinary 
Physiology." 

Results  of  work  by  Bergman  and  Dukes  (1926) ,  and  Schalk  and  Amadon  (1928) 
on  the  physiology  of  rumination,  with  rumen  f istulated  animals,  supported 
Chauveau' 8  theory  of  regurgitation. 

Time  Spent  in  Rumination 

Dairy  cows  have  been  reported  to  spend  from  5  l/2  to  8  l/2  hours  per  24- 
hour  period  in  ruminating  (Bergman  and  Dukes,  1925  j  Fuller,  1928  j  Schalk  and 
Amadon,  1928;  Hancock,  1950).  Bergman  and  Dukes  (1925)  observed  a  Guernsey  cow 
and  a  Jersey  cow  for  a  24-hour  period  and  found  that  the  rumination  time  was  6 
hours  and  42  minutes,  and  8  hours  and  22  minutes,  respectively.  The  number  of 
ruminating  periods,  15  and  20  respectively,  were  evenly  distributed  throughout 


the  24-hour  period.  Similar  results  were  obtained  by  Schalk  and  Amadon  (1928) 
who  observed  nine  animals  for  60  consecutive  hours,  and  found  the  total  rumi- 
nating time  averaged  6,89  hours  per  24-hour  period.  Fuller  (1928)  observed 
22  animals  and  found  they  had  an  average  rumination  time  of  8  hours  and  17  min- 
utes in  24  hours  with  a  range  of  5  hours  and  44  minutes  to  10  hours.  An  average 
ruminating  time  of  6  hours  and  24  minutes  per  24  hours  was  reported  by  Hancock 
(1950)  in  studies  with  identical  twin  cows.  The  total  time  ruminating  was 
divided  into  13.3  average  periods  of  24.5  minutes  each. 

Bergman  and  Dukes  (1926)  reported  that  the  cows  favored  the  lying  position 
for  ruminating.  A  Guernsey  cow  whioh  they  observed  spent  59.5  percent  of  a  24- 
hour  period  in  the  lying  position,  and  91  percent  of  the  total  ruminating  time 
was  in  this  position.  Similarly,  they  found  that  a  Jersey  cow  spent  63.3  percent 
of  a  24-hour  period  in  lying  position,  and  81.7  percent  of  the  total  ruminating 
time  was  in  this  position.  In  general  accordance  with  this  work  is  that  of 
Schalk  and  Amadon  (1928),  who  observed  four  animals  that  ruminated  an  average 
of  66  times  in  the  standing  position,  and  75  times  in  the  lying  position  during 
60  consecutive  hours. 

An  even  distribution  of  time  spent  standing  and  lying  was  reported  for 
stabled  cattle  by  Fuller  (1928).  No  difference  in  standing  and  lying  time  could 
be  ascribed  to  stage  of  lactation,  or  to  breeds. 

Importance  of  Roughage  in  the  Diet  of  Ruminants 

The  need  for  roughage  in  the  diet  of  the  ruminant  has  been  well  established 
(Davenport,  1897,  McCandlish,  1923,  Huffman,  1928,  Mead  and  Goss,  1936).  At- 
tempts by  Davenport  (1697),  McCandlish  (1923),  and  Huffman  (1928)  to  raise 
calves  without  roughage  failed.  Growth  was  subnormal  in  all  cases,  and  death 
occurred  near  the  seventh  month  unless  roughage  was  placed  in  the  diet. 


It  might  be  postulated  that  the  failure  in  early  experiments  to  raise  calves 
without  roughage  was  due  to  vitamin  deficiencies  since  !/ead  and  Regan  (1931), 
and  Msad  and  Goss  (1935,  1936)  were  moderately  successful  in  raising  calves 
without  roughage.  However,  Mead  and  Goss  (1936)  later  reported  that  four  of  the 
original  14  haifers  had  died  of  bloat.  Though  son®  of  the  heifers  had  been 
raised  on  the  roughage-free  diet  to  three  years  and  eight  months  of  age,  bloat 
was  a  constant  problem,  and  feed  intake  had  to  be  limited.  Herman  (1936)  and 
Wise  et  al.  (1939)  reported  success  in  raising  calves  on  rations  devoid  of 
roughage,  when  the  ration  was  supplemented  with  minerals  and  vitamins  known  to 
be  essential. 

TNhen  roughage  is  omitted  from  the  diet  of  ruminants,  there  is  a  complete 
cessation  of  rumination  (Beach,  1907;  Mead  and  Goss,  1935j  Ritzman  and  Benedict, 
1938j  Davenport,  1897).  The  earliest  reports  of  a  cessation  of  rumination  due 
to  a  lack  of  roughage  was  made  by  Miller  in  1874,  as  cited  by  Beach  (1907).  He 
maintained  cows  during  the  winter  dry  periods  (about  8  weeks)  on  ground  corn 
meal.  The  cows  remained  in  good  health  and  condition,  with  no  inordinate  desire 
for  food.  Ritiman  and  Benedict  (1938)  reported  complete  cessation  of  rumination 
three  days  following  the  omission  of  roughage  from  the  diet. 

Kick  et  al.  (1937)  observed  among  steers  naintained  on  a  ration  devoid  of 
roughage  that  rumination  was  slow  and  listless,  and  seemed  to  be  initiated  by 
an  inherent  impulse  rather  than  from  any  desire  or  need. 

The  Effect  of  Ground  and  Chopped  Roughage  on  Ruminants 

Dairymen  long  have  been  interested  in  the  place  of  chopped  and  ground 
roughage  as  a  feedstuff  for  their  cattle.  Most  authorities  report  a  slight  ad- 
vantage to  ground  or  chopped  roughage  for  cattle.  This  advantage  is  due  largely 
to  greater  consumption  of  the  stemmy  material,  resulting  in  less  wastage 


(Ingham  and  Meade,  1929;  Reed  and  Burnett,  1926*  Gramlich,  1919;  Potter  and 
Withycontoe,  1920;  Moore  and  Cowsert,  1926), 

In  recent  years,  dehydrated  and  pelleted  roughages  have  become  widely  used 
by  feed  nanuf acturers ,  and  to  some  extent  by  livestock  feeders.  Dehydration  is 
the  process  in  which  the  moisture  content  of  a  green  cut  crop  is  reduced  by  sub- 
jecting it  to  a  blast  of  hot  air  for  a  short  period  of  time.  Dehydrated  rough- 
age is  frequently  pelleted  to  facilitate  handling  and  to  eliminate  dust  (Schrenk 
et  al,,  1953),  Usually  following  dehydration  the  forage  is  finely  ground  to 
facilitate  storage. 

The  value  of  dehydrated  alfalfa  in  dairy  cattle  rations  has  been  demon- 
strated at  several  stations  (Bartley  et  al,,  1951;  Knott  and  Hodgson,  1934j  New- 
lander,  1933}  Camburn,  1933j  Blosser  et  al,,  1952;  Warren  et  al.,  1954;  Snell, 
1934;  Eaton  et  al,,  1951,  1952;  Gardner  and  Akers,  1954). 

It  has  been  shown  in  many  experiments  thatt  there  is  a  greater  retention 
of  carotene  in  dehydrated  roughage  than  in  sun-cured  (Huffman,  1939;  Eaton  et  al., 
1951,  1952;  Haige  and  Aitkenhead,  1931;  Kane  et  al.,  1937;  Bechdel  et  al.,  1940); 
and  that  the  availability  of  nutrients  in  dehydrated  roughages  were  equal  to  or 
slightly  better  than  those  of  sun-cured  roughages  (Newlander  et  al.,  1938; 
Bartlett  et  al.,  1938;  Hart  et  al.,  1932;  Bechdel  et  al.,  1940). 

It  was  first  noted  by  Forbes  et  al.  (1925),  and  later  by  Kick  et  al,  (1937) 
that  rumination  was  suppressed  in  cows  that  received  finely  ground  roughage, 
Powell  (1938,  1939)  observed  the  same  conditions  in  cows  fed  finely  ground  pel- 
leted roughage.  These  results  were  substantiated  by  several  other  authorities 
(Cole  and  Mead,  1943;  Swanson  and  Ragsdale,  1947;  Voelker,  1949;  Swanson  and 
Herman,  1952;  Porter  et  al.,  1953), 

Forty  percent  reduction  in  rumination  time  was  reported  by  Kiok  et  al. 
(1937)  when  steers  were  fed  ground  hay,  while  coarse  cutting  or  chopping  had  no 


effect  upon  rumination  time.  Swanson  and  Ragsdale  (1947)  fed  roughage  -which  was 
chopped  and  ground  into  three  different  degrees  of  fineness  and  found  that  rumi- 
nation was  depressed  according  to  the  fineness  of  grinding.  They  obtained 
normal  rumination  with  the  coarse  chopped  hay,  but  not  with  the  finely  ground, 
Missouri  workers  postulated  that  rumination  may  not  be  essential  to  the  proper 
digestion  of  roughage,  provided  the  roughage  is  ground  fine  enough  to  not  re- 
quire mastication  (Swanson  and  Ragsdale,  1947|  Swanson  and  Herman,  1952), 
Bloat,  as  well  as  depraved  appetites,  were  problems  among  cows  fed  ground 
alfalfa  as  the  only  source  of  roughage  in  California  experiments  (Cole  and  I'ead, 
1943). 

Porter  et  al.  (1953)  reported  results  of  two  similar  experiments,  differing 
only  in  that  pelleted  roughage  was  used.  No  difference  was  noticed  between 
groups  fed  pelleted  and  sun-cured  hay  in  the  first  experiments,  while  in  the 
second,  severe  anorexia  and  low  roughage  consumption  were  observed  in  the  pel- 
let-fed cows.  They  suggested  that  pellet  firmness,  which  is  a  reflection  of 
fineness  of  grinding,  might  have  been  a  factor  in  the  time  spent  in  rumination 
when  pellets  were  fed  as  the  sole  source  of  roughage, 

Voelker  (1949)  reported  reduced  rumination  time  for  dairy  cows  fed  de- 
hydrated atlas  sorgo  pellets  as  the  sole  source  of  roughage,  Yfliile  it  was  noted, 
in  all  previous  reports,  that  rumination  was  suppressed  only  when  the  roughage 
ration  was  limited  to  finely  ground  roughage,  or  when  snail  amounts  of  roughage 
were  fed,  Hope  et  al,  (1950)  reported  that  rumination  was  suppressed  in  cows 
when  30  or  45  percent  of  the  concentrate  mixture  was  replaced  by  dehydrated 
grass,  even  though  the  cows  were  fed  three  pounds  of  hay  crop  silage  per  100 
pounds  of  body  weight  and  alfalfa  hay  ad  libitum. 


Rumen  Motility 

The  activities  inside  the  fermentation  vat,  as  the  rumen  is  often  called, 
have  long  "been  the  subject  of  study  and  contemplation.  The  principal  means  of 
obtaining  information  concerning  rumen  movements  has  been  by  the  use  of  f istu- 
lated  animals.  Due  to  the  extensive  development  of  the  rumen  and  its  close 
proximity  to  the  abdominal  wall,  it  is  a  relatively  simple  operation  to  estab- 
lish a  rumen  fistula. 

Fistulated  animals  were  first  used  by  Colin  in  1875  to  observe  rumen  mo- 
tility and  regurgitation,  as  cited  by  Schalk  and  Amadon  (1928).  Bergman  and 
Dukes  (1926)  observed  rumen  activity  by  means  of  fistulated  steers.  Schalk  and 
Amadon  (1928)  made  their  classic  studies  of  rumen  motility  by  palpation  and  by 
placing  balloons  attached  to  pneumatic  kymograph  recording  systems  at  various 
locations  in  the  rumens  of  fistulated  cattle. 

Normal  rumen  motility  as  described  by  Schalk  and  Amadon  (1928),  and  by 
Dukes  (1955)  originates  in  the  reticulum  by  two  rapid  contractions  of  the  walls 
of  that  oavity,  the  second  immediately  following  the  first.  As  a  result  of 
these  contractions,  liquid  material  is  thrown  into  the  rumen.  Before  the  com- 
pletion of  the  second  reticular  contraction,  however,  the  anterior  pillar  of  the 
rumen  begins  to  contract,  forming  a  barrier  to  the  second  reticular  outflow. 
The  wave  of  rumen  contraction  begun  at  the  anterior  pillar,  proceeds  posterially 
involving  the  entire  dorsal  part  of  the  rumen,  and,  as  these  structures  relax, 
the  ventral  sac  goes  into  contraction.  This  forces  ingesta  forward  and  upward 
into  the  anterior  dorsal  region  of  the  rumen.  Following  the  primary  wave.  Just 
mentioned,  is  a  secondary  wave  similar  to  the  primary,  but  whloh  involves  only 
the  rumen. 

Sohalk  and  Amadon  (1928)  noted  that  the  rate  of  motility  in  the  rumen  varied 


during  rumination,  resting,  and  feeding.  During  feeding,  rumen  motility  was  the 
most  rapid,  while  slowest  during  rumination. 

Magee  (1932),  however,  while  studying  rumen  motility,  by  use  of  X-ray, 
using  barium  sulfate  and  caloium  sulfate  pills  as  tracers,  found  that  rumen 
movements  were  most  rapid  and  extensive  during  rumination. 

The  rumen  motility  oycle  normally  occurs  once  eaoh  minute  or  minute  and  a 
half  (Schalk  and  Amadon,  1926  >  Magee,  1932;  I'cAnnally  and  Phillipson,  1S44), 
with  the  two  contractions  totalling  25-40  seconds  and  the  remainder  of  the  time 
in  rest. 

According  to  McAnally  and  Phillipson  (1944),  reticulum  contractions  of  five 
seconds  are  followed  immediately  by  the  rumen  contraction  of  about  15  seconds. 
The  second  contraction  of  the  rumen  follows  the  first  by  a  few  seconds,  and  it 
also  lasts  approximately  15  seconds.  A  rest  period  of  25  to  30  seconds  then 
usually  prevails. 

Irregularities  noted  in  the  rumen  cycle  have  been  found  to  be  due  to  ir- 
regularities in  the  length  of  pause  between  the  two  rumen  contractions,  and  in 
the  period  of  rest  following  the  complete  rumen  cycle  (WcAnally  and  Phillip- 
son, 1944).  Schalk  and  Amadon  (1928)  noted  an  occasional  extra  wave  of  contrac- 
tion, involving  only  the  muscularis  of  the  rumen,  which  was  inaugurated  by  the 
anterior  pillar  of  the  rumen. 

In  order  to  study  rumen  motility  in  intact  animals,  Dougherty  and  Crumb 
(1949)  devised  a  piston  pneumatic  apparatus  for  recording  rumen  reticular  move- 
ments. Rumen  movements  were  conveyed  by  air  pressure  through  rubber  tubing  from 
a  plunger  held  against  the  flank  to  a  tambour  and  recorder.  The  results  obtained 
compared  favorably  with  tracings  recorded  from  cows  with  permanent  rumen 
fistulas.  Respiration  did  not  affect  the  tracings  to  any  great  degree. 

A  ruminometer  to  compare  the  relative  force  of  rumen  contractions  was 
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EXPERIMENTAL  PROCEDURE 

For  simplicity,  the  following 

terms  will  be  used  to  describe  the  roughage 

rations  fedt 

Abbreviated 

Term 

in  tables  as 

• 

Roughage  or  combination  of  roughage  usedj 

Pellets 

P 

Entire  roughage  furnished  by  finely 
ground  dehydrated  alfalfa,  pelleted. 

Sun-cured 
pellets 

SCP 

Entire  roughage  supplied  by  finely  ground 

. 

sun-cured  alfalfa  hay,  pelleted. 

Hay  and  pellets 

H  -  P 

75  percent  of  roughage  consisted  of 

• 

finely  ground  dehydrated  alfalfa,  pel- 
leted, 25  percent  as  chopped  alfalfa  hay. 

Hay 

H 

Entire  roughage  supplied  by  chopped 
alfalfa  hay. 

Pellets  and 
silage 

P  -  S 

Sorgo  silage,  2  lb./lOO  lb.  body  weight 
reirainder  of  roughage  furnished  by  finely 
ground  dehydrated  alfalfa,  pelleted. 

Hay  and  silage 

H  -  S 

Sorgo  silage,  2  lb./lOO  lb,  body  weight, 
and  alfalfa  hay,  ad  libitum. 

Pellets,  silage, 
and  hay 

P-S-AH 

Pellets  furnished  at  the  rate  of  0,5  lb,/ 
100  lb,  body  weirht,  sorgo  silage,  2  lb,/ 
100  lb,  body  weight,  and  chopped  alfalfa 

• 

hay,  ad  libitum. 

Silage  and 
alfalfa  hay 

S  -  AH 

Sorgo  silage  2  lb./lOO  lb,  body  weight 
and  ohopped  alfalfa  hay,  ad  libitum. 

10 


The  experiment  was  divided  into  two  phases  as  follows: 

Phase  I.  Observations  of  physiological  activities  of  dairy  cows  fed  var- 
ious types  and  forms  of  roughage.  The  following  data  were  recorded t 

1.  Rumination  time. 

2.  Time  standing  and  lying. 

3.  Number  of  drinks  and  total  water  consumption. 

4.  Number  of  defecations  and  percent  moisture  in  feces. 

5.  Number  of  urinations. 

6.  Pulse. 

7.  Respiration. 

8.  Temperature. 

Phase  II.     The  effect  of  various  types  and  forms  of  roughage   on  rumen 
motility  as  measured  by« 

1.  Rumen  palpation  per  rectum. 

2.  Kymograph  tracings  of  rumen  motility  obtained  by  the  use  of  the 
Dougherty-Crumb  pneumatic  piston. 

Phase   I.     Observations  of  Physiological  Activities 

Experimental  animals  used  in  this  study  were  lactating  cows  of  the  Ayrshire, 
Guernsey,  Holstein,  and  Jersey  breeds  which  were  being  used  in  experiments  to 
determine  the  feeding  value  of  finely  ground  dehydrated  roughage  for  dairy  cows. 
Descriptions  of  these  cows  and  of  their  experimental  treatment  are  listed  in 
Appendix,  Table  17.     One  24-hour  and  three  12-hour  observations  were  made  each 
week  on  18  selected  cows  being  fed  varying  amounts  of  finely  ground  roughage. 
These  18  cows  were  alloted  into  three  groups  of  six.     Each  group  pi  assigned  at 
random  to  one  of  the  following  rations: 
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1.  Concentrate  mixture  and  dehydrated  alfalfa  pellets   (Pellets). 

2.  Concentrate  mixture  and  chopped  alfalfa  hay  (Hay). 

3.  Concentrate  mixture  plus  roughage  of  the  following  proportions! 
Dehydrated  alfalfa,  75  percent j  alfalfa  hay,  25  percent  (Hay-pellets). 
The  detailed  experimental  design  -was  as  follows: 

Dates  of  experimental  periods 

Group  11/15/4  9-1/LO/50  1/10-2/22/50  2/22-3/29/50  3/29-5/7/50 

Uo,  Ration  fed  Ration  fed  Ration  fed  Ration  fed 

I  P 

II  H 

III  HP 

It  will  be  noted  that  in  the  period  beginning  February  22,  1950,  sun-cured 
pellets  were  fed  to  cows  in  group  I,  and  silage  and  pellets  were  fed  to  cows  in 
group  II,  and  that  in  the  period  beginning  on  March  23,  hay  and  silage  were  fed 
as  roughage  to  cows  in  group  II. 

In  addition,   one  24-hour  and  two  12-hour  observations  were  made  on  a  group 
of  six  cows  -which  were  selected  from  experirsntal  groups  which  received  either 
hay  and  silage  or  hay  and  silage  plus  0.5  pound  of  dehydrated  alfalfa  pellets 
per  100  pounds  body  weight  as  the  roughage. 

These  six  cows  were  observed  for  several  24-hour  periods,  after  the  termina- 
tion of  the  experiment,  while  they  were  on  the  standard  Kansas  State  College 
dairy  roughage  ration  of  alfalfa  hay  and  sorgo  silage. 

Twelve  cows  on  the  standard  ration  (hay  and  silage)  were  observed  for 
varied  numbers  of  observational  periods  as  a  control  group  to  obtain  data  on 


Period  began  3-23. 

2 

Period  began  3-7. 
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normal  physiological  activities. 

In  the  experimental  rations  where  roughage  was  limited,  it  was  fed  at  the 
rate  of  2,5  pounds  per  100  pounds  of  body  weight.  Roughages  fed  in  accordance 
with  experimental  rations  were:  good  quality,  second  cutting  alfalfa,  equiva- 
lent to  U.S.  Ko,  2  grade;  commercially  dehydratod  alfalfa  pellets,  containing 
approximately  17  percent  protein;  and  sorgo  silage  fed  at  the  rate  of  2  pounds 
per  100  pounds  body  weight.  Rations  ware  adjusted  at  the  end  of  each  30-day 
period  on  the  basis  of  body  weight  and  average  daily  milk  production  of  that 
period.  The  roughage  rations  were  supplemented  with  sufficient  concentrate  to 
provide  110  percent  of  Morrison's  (1947)  standards  for  total  digestible  nutri- 
ents. 

The  concentrate  mixture  for  all  cows  was  as  follows « 
400  pounds  ground  corn 
100  pounds  ground  oats 
100  pounds  wheat  bran 
100  pounds  soybean  oil  meal 
7  pounds  salt 
7  pounds  bone  meal 
Records.  Six  cows  were  observed  during  each  observation  period  for  either 
12  or  24  consecutive  hours,  in  which  actual  clock  time  was  recorded  for  rumi- 
nating periods,  time  standing  and  lying,  drinking,  urinating,  and  defecating. 

Water  meters  were  placed  on  the  water  lines  to  the  drinking  cups  of  10 
pellet-fed  cows  and  one  control  cow  and  the  water  consumption  was  recorded 
daily. 

Pulse  and  respiration  rates  were  determined  ana  rectal  temperatures  were 
taken  of  individual  cows  prior  to  the  evening  feeding  for  each  observation 
period. 
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Samples  of  feoes  were  taken  for  moisture  determination  from  representative 
cows  of  the  various  roughage  treatment  groups  at  semi-weekly  intervals  for  ap- 
proximately four  weeks.  Weighed  samples  were  dried  at  100  C.  for  24  hours  and 
moisture  determined  by  loss  of  weight. 

Management,  The  24  cows  fed  the  experimental  rations  were  housed  in  the 
east  side  of  the  Kansas  State  College  Dairy  Barn,  They  were  fed  twice  daily,  the 
concentrate  being  fed  first,  followed  by  the  roughage  ration.  All  feed  was 
weighed  and  any  refused  was  weighed  back,  Tfthite  pine  shavings  were  used  for 
bedding.  Cows  were  kept  in  conventional  stanchion-stalls.  Water  cups  were  pro- 
vided for  all  animals.  Mangers  -were  divided  with  metal  dividers  and  boards  to 
prevent  any  exchange  of  feed  between  cows,  and  to  minimize  wastage  of  rations. 

In  fair  weather,  the  cows  were  allowed  access  to  a  dry  exercise  lot  two 
hours  daily. 

The  control  cows  were  managed  under  normal  herd  treatment.  All  observa- 
tions on  these  cows  were  made  on  those  days  that  they  remained  in  the  barn.  On 
these  days,  hay  was  before  them  at  all  times. 

Phase  II,  Rumen  Motility 

This  phase  of  the  study  was  conducted  concurrently  with  Phase  I,  The  18  cows 
used  to  study  the  effeot  of  varying  amounts  of  finely  ground  roughage  on  milk 
production  were  used  in  this  phase  of  the  experiment.  Details  of  feeding  and 
management  of  these  cows  was  as  described  in  Phase  I,  Internal  palpation  of  the 
rumen  of  selected  cows  in  the  various  roughage  groups  twre  made  with  the  as- 
sistance of  Dr.  M.  J.  Twiehaus,  Department  of  Pathology,  Kansas  State  College. 
Palpations  were  made  just  prior  to  and  during  a  reversal  of  periods  for  the 
roughage  groups. 

Kymograph  tracings  were  made  of  the  rumen  contractions  of  the  18  oows  fed 
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various  types  and  forms  of  roughage  by  use  of  the  Dougherty-Crumb  (1948) 
pneumatic  piston.  Tracings  were  also  obtained  just  prior  to,  and  2j  6j  and  24 
hours  following  a  change  in  roughage  from  pellets  to  hay. 

EXPERIMENTAL  RESULTS  AMD  DISCUSSION 

The  presentation  and  discussion  of  experimental  results  will  be  divided  as 
followst 

1.  Observation  of  physiological  activities, 

2,  Rumen  motility. 

Phase  I  -  Observations 

Ruminating  Time.  Summaries  of  all  12-hour  and  24-hour  observations  made  on 
ruminating  activities  according  to  types  and  forms  of  roughages  fed  are  presented 
in  Tables  1  and  2,  respectively.   Individual  cow  observations  are  listed  in 
Tables  16  and  17  of  the  Appendix, 

The  time  spent  in  rumination  varied  markedly  between  cows  fed  finely  ground 
and  "normal"  roughages.  There  was  a  very  definite  reduction  in  rumination  time 
for  all  animals  fed  a  high  level  of  finely  ground  roughage.   It  should  be  noted 
that  oows  on  normal  roughage  diets  ruminated  380  to  474  minutes  per  24  hours  as 
oonpared  with  95  to  102  minutes  for  cows  fed  finely  ground  roughage  as  their  en- 
tire roughage  supply  (Table  2) , 

This  difference  in  rumination  time  between  roughage  groups  is  also  mani- 
fested in  the  difference  in  percent  of  time  spent  ruminating  (Tables  1  and  2), 
There  was  a  pronounced  reduotion  in  rumination  when  pellets  were  fed  as  the  sole 
source  of  roughage.  The  cows  reoeiving  pellets  as  their  only  source  of  roughage 
ruminated  an  average  of  only  6  percent  of  the  time  observed,  whereas  the  cows 
fed  chopped  hay  ruminated  an  average  of  27  percent  of  the  time.  This  is  a  highly 
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significant  difference   (P<.01). 

A  difference  was  noted  in  the  percent  of  time  spent  ruminating  for  the  same 
roughage  treatment  groups  during  12-hour  and  24-hour  periods.     The  average  per- 
cent of  time  spent   in  rumination  for  all  groups  of  20  percent  during  24-hour 
periods  as  oompared  to  18  percent  for  the  12-hour  periods  -was  significant 
(,01<P<.05). 

This  difference  in  time  is  thought  to  be  largely  due  to  the  difference  in 
surrounding  conditions  rather  than  any  physiological  dissimilarity  of  the  ani- 
mals.    The  majority  of  12-hour  observations  were  taken  during  the  day  when  there 
v.ti.3  a  constant  flow  of  activity  to  annoy  the  cows,  while  at  night  there  was  very 
little  to  disturb  then.     It  is  regretable  that  there  was  not  an  equal  number  of 
day  and  night  observations  in  the  12-hour  periods. 

Though  there  was  a  significant  difference  between  the  percentage  of  time 
spent  ruminating  v^iilo  observed  for  12  hours  as  compared  to  24-hour  periods,  the 
oows  responded  similarly  to  the  same  roughage  ration  (P>.05)    (Table  11  in  the 
Appendix). 

In  order  to  determine  whether  the  difference  in  rumination  time  between  cows 
fed  pellets  and  those  fed  normal  roughage  was  due  to  the  dehydration  process  or 
to  the  fineness  of  grinding,  ruminating  time  was  compared  between  cows  fed  de- 
hydrated alfalfa  pellets  and  sun-cured  alfalfa  pellets. 

The  cows  fed  dehydrated  alfalfa  pellets  ruminated  an  average  of  95  minutes 
per  24-hours  or  6.6  percent  of  the  time  while  those  fed  sun-cured  alfalfa  hay 
pellets  ruminated  an  average  of  102  minutes  or  7.1  percent   (Table  1).      It   is 
evident  from  the  results   (Table  10  of  the  Appendix)   that  there  were  no  signifi- 
cant differences  in  ruminating  time  between  cows  fed  dehydrated  alfalfa  pellets 
and  those  fed  sun-cured  hay  pellets   (P>.05).     Thus,  the  difference  in  ruminating 
time  between  pellet-fed  and  normal-fed  cows  is  due  to  the  fineness  of  grinding 
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and  not  due  to  the  dehydration  process. 

Because  the  effects  of  each  of  the  various  rations  were  not  measured  on  the 
same  cows,  the  observations  for  each  ration  were  averaged  for  each  type  of  ob- 
servational period.  Comparisons  of  the  coefficient  of  variation  of  the  differ- 
ent rations  indicated  that  the  variances  might  not  be  homogeneous,  or  that  the 
differences  within  some  groups  might  be  greater  than  in  others  (Table  11,  Ap- 
pendix). The  variances  were  tested  by  Bartlett's  test  (Snedecor,  1947)  for 
homogeneity  of  variance  and  it  was  found  that  the  12-hour,  24-hour,  and  combined 
observations  were  homogeneous  (P>,05).  Thus,  the  variations  within  a  group 
were  no  greater  than  variations  within  the  other  groups.  Since  homogeneity  was 
established,  the  groups  were  combined  into  three  levels  of  pellet  feeding  and 
a  normal  feeding  group  for  statistical  comparison  (Table  4). 

Cows  receiving  15  to  20  percent  of  their  roughage  in  the  form  of  pellets 
ruminated  on  the  average  460  minutes  per   24-hours  which  was  equal  to  the  time 
spent  in  rumination  for  cows  on  normal  roughage  treatments  (380-474  minutes). 
However,  when  finely  ground  roughage  comprised  70-75  percent  of  the  roughage  in- 
take, rumination  time  was  significantly  decreased  to  average  only  178  minutes  on 
hay  and  pellets  and  276  minutes  on  silage  and  pellets  (P<,01). 

A  roughage  ration  of  pellets  alone  decreased  rumination  time  to  an  average 
of  only  95  to  100  minutes  per  24-hours  which  was  a  significant  reduotion  in  rumi- 
nation time  from  the  75  percent  pellet  ration  (P<,01).  Several  cows  fed  pel- 
lets only  were  observed  for  12  consecutive  hours  with  no  evidence  of  rumination. 

The  small  but  insignificant  difference  between  ruminating  time  of  cows  re- 
ceiving a  normal  ration  and  those  receiving  20  percent  of  their  roughage  as  pel- 
lets, together  with  the  highly  significant  difference  between  the  ruminating 
time  of  cows  in  these  groups  and  those  receiving  75  percent  and  100  percent 
pellets  in  their  ration  would  strongly  suggest  that  after  a  certain  point  is 
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«■ 

Table  4.     Analysis  of  general  effect  of  various  roughages  on 

rumination 

time. 

Type  of  roughage  ration 

i  Average 

i  rumination 
:     time 

:                          t 

i  Number  of   t 
j  observations: 

Total 

A) 

Normal  basic  ration 

1)  Sorgo  silage  and  alfalfa  hay                            28.2 

2)  Chopped  alfalfa  hay                                               25.3 

3)  Sorgo  silage  and  chopped  alfalfa  hay           30.4 

22 
23 
10 

620.3 
582.1 
304.3 

55 

1506.7 

B) 

Low  level  pellet  ration 

4)   Pellets,  sorgo  silage,  and  chopped 

alfalfa  hay                                                         30.0 

9 

270.3 

c) 

High  level  pellet  ration 

5)  Pellets  and  sorgo  silage 

6)  Pellets   (75^),  alfalfa  hay  (25;  ] 

15.5 
>                    11.8 

7 
12 

19 

108.4 
141.6 

250.0 

- 

9) 

All-pellet  ration 

7)  Dehydrated  alfalfa  pellets 

8)  Sun-cured  alfalfa  pellets 

6.3 
5.5 

31 

11 

194.5 
60.0 

42 

254.4 

Table  4-b,     Combined  analysis  of  variance. 

t     Degrees  of     t 
Source  of  variation       t       freedom         » 

Sums  of       i 
squares        : 

Mean 
squares 

t 
> 

F 

Treatments                             7 
Residual                              117 

12,534.2 
3,405.7 

1,790.6 
29.1 

61.5** 

• 

Total                          124 

15,939.9 

— 

•  <■■ 

Treatment  comparisons   (non-orthogonal) 

a.  Pellets   (75?;)   alfalfa  hay  (25JI)  vs. 

and  alfalfa  hay  (5  vs.  1) 

b.  Pellets,   sorgo  silage,  and  chopped 

vs.   sorgo  silage  and  alfalfa  hay 

c.  Easic  ration  vs.   low  level  pellet  r 

d.  Basic  ration  vs.  high  level  pellet 

e.  Basic  ration  vs.  all  pellet  ration 

f.  Low  level  pellet  vs.  high  level  pel 

g.  High  level  pellet  vs.  all  pellet  ra 

,   sorgo  silage 

alfalfa  hay 
(4  vs.  1) 
•at ion  (A  vs.  B) 
ration  (A  vs.  D) 

(A  vs.  D) 
.let  ration 

(B  vs.  C) 
.tion       (C  vs.  D) 

d.f, 

: 
I 

• 

F1 

1 

1 
1 
1 
1 

1 
1 

71 

0 

0 

98 

372 

59 
20 

.73** 

.06  NS 
.26  NS 
.26** 
.27** 

.61** 
.78** 

Approximate  only. 
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reached,  rumination  tiro  is  decreased  proportional  to  the  amount  of  finely- 
ground  roughage  in  the  ration, 

A  difference  was  noted  between  the  number  of  ruminating  periods  observed 
per  24-hours  for  the  various  roughage  treatment  groups.  Cows  reoeiving  the 
finely  ground  roughages  had  decidedly  less  number  of  ruminating  periods,  and 
these  periods  were  of  less  average  duration,  than  cows  receiving,  normal  rations 
(Tables  1  and  2) .  This  observation  is  in  disagreement  with  that  of  Kick  et  al. 
(1937)  who  reported  reduced  minutes  per  ruminating  period  but  no  reduction  in 
the  number  of  periods  for  steers  receiving  finely  ground  roughages. 

The  range  in  time  within  the  ruminating  periods  for  cows  in  the  roughage 
groups  should  be  noted.  Though  some  cows  did  not  ruminate  at  all  during  a  12- 
hour  period  while  fed  pelletsj  other  cows  receiving  the  same  ration  had  rumi- 
nating time  within  one  period  as  much  as  57  minutes,  even  though  cows  were 
rather  listless  as  to  rumination  while  on  the  pellets. 

Time  Standing  and  Lying.  The  division  of  time  between  standing  and  lying 
was  fairly  uniform  between  the  various  roughage  groups  (Table  1).  The  percent 
of  time  spent  in  these  activities,  when  all  groups  and  observations  are  included, 
gives  a  slightly  biased  figure.  In  Tables  1  and  2,  it  will  be  noted  there  was  a 
definite  higher  average  percentage  of  time  spent  in  lying  (44  percent)  during  the 
24-hour  observations  as  compared  with  32  percent  during  the  12-hour  observations. 
The  majority  of  the  12-hour  observations  were  made  during  the  daytime  and  some  of 
the  difference  in  time  standing  and  lying  can  be  attributed  to  normal  barn 
activities.  During  the  daytime,  the  routine  work  of  the  barn  and  the  stir  which 
is  constantly  present  may  have  been  a  reason  for  the  difference  in  time  spent 
lying  in  the  different  length  periods.  However,  Atkeson  et  al.  (1942),  Ainslie 
(1950),  and  Hancock  (1950)  have  reported  similar  diurnal  patterns  in  lying  and 
standing  time  of  cows  on  pasture.   Individual  cow  differences  from  day  to  day 
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existed  but  they  could  not  be  attributed  to  treatment,  weather  conditions,  or 
breed. 

Time  Spent  in  Ruminating  -while  Lying  and  Standing,  Cows  observed  in  this 
experiment  had  a  definite  preference  to  ruminate  in  the  lying  position.  During 
the  24-hour  observation,  cows  spent  43  percent  of  the  total  time  lying  but  they 
spent  57  percent  of  their  ruminating  time  in  that  position,  When  cows  were  ob- 
served for  only  12  hours,  they  spent  only  32  percent  of  the  time  lying  but  46 
percent  of  their  total  rumination  was  in  that  position. 

The  sun-cured  pellet  group  favored  the  lying  position  for  its  ruminating 
activity  to  a  greater  extent  than  the  other  groups  during  both  the  12-  and  24- 
hour  observation  periods.  Cows  fed  the  sun-cured  pellets  ruminated  on  the  aver- 
age, 78  percent  and  74  percent,  respectively,  of  their  total  time  in  rumination 
while  lying  down.  It  is  believed  that  this  preference  was  due  to  the  relatively 
small  amount  of  ruminating  time  evidenced  in  this  group,  Sinoe  this  same  effect 
was  not  apparent  in  the  other  pellet-fed  cows,  the  preference  for  the  lying  po- 
sition for  ruminating  by  this  group  is  believed  to  be  due  to  chance  differences. 

Distribution  of  Ruminating  Tine,   It  is  interesting  to  note  in  the  distribu- 
tion of  rumination  time  for  the  24-hour  observations  as  shown  in  Pig,  1,  that 
definite  periods  of  rumination  can  be  detected  irregardless  of  type  of  roughage 
ration  fed.  This  is  in  disagreement  with  Bergman  and  Dukes  (1925)  and  Kick 
et  al,  (1937),  who  reported  even  distribution  of  ruminating  periods  but  it  must 
be  recognized  that  the  cows  herein  reported  were  not  fed  in  the  usual  manner. 
Grain  and  roughage  were  fed  at  approximately  5t30  night  and  morning,  but  as  a 
general  rule,  the  mangers  were  licked  clean  within  a  short  time  after  feeding, 
even  though  the  cows  were  given  110  percent  of  their  nutrient  needs.  Thus,  the 
time  spent  in  eating  was  less  than  by  cows  on  a  normal  feeding  regimen.  It 
might  be  conjectured  that  these  evident  cycles  of  rumination  might  be  due  to  the 
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type  of  feeding  plan,  and  that  the  oows  might  have  had  their  ruminating  periods 
more  equally  distributed  had  they  been  fed  under  normal  conditions  i»here  hay  or 
pasture  is  available  to  the  cattle  at  all  times. 

Drinking  Activity,  Data  on  the  average  number  of  drinks  taken  by  the  cows 
•while  under  constant  supervision  are  presented  in  Table  5.  Variations  are  evi- 
dent among  both  coirs  and  groups  for  the  average  number  of  drinks  in  24  hours, 
but  since  the  greatest  variation  occurred  between  averages  of  the  groups  of  the 
high-pellet  groups  (5.9  drinks  for  cows  fed  pellets,  and  9.1  for  those  fed  hay 
and  pellets) ,  it  is  believed  that  this  difference  was  caused  by  individual  cow 
differences  rather  than  the  type  of  roughage  fed.  There  were  no  consistent 
differences  between  breeds  in  numbers  of  drinks  within  the  different  roughage 
groups  (Appendix,  Table  13).  Since  there  were  wide  differences  between  cowb, 
even  within  breeds,  any  average  difference  between  breeds  is  of  doubtful  signifi- 
cance • 

Because  of  a  delay  in  shipment  of  water  meters,  there  was  no  means  of  Treas- 
uring the  amount  of  water  actually  drunk  during  these  observation  periods.  Upon 
arrival,  the  water  meters  were  placed  on  the  water  lines  to  the  individual  drink- 
ing cups  of  11  of  the  experimental  cows.  Since  it  was  believed  that  the  most 
useful  information  would  be  gained  from  water  consumption  data  of  cows  fed  pel- 
lets, the  meters  were  used  for  10  pellet-fed  cows.  The  remaining  meter  was  used 
to  obtain  water  intake  data  from  one  Guernsey  cow  receiving  hay  and  silage. 
Data  on  average  water  consumption  are  listed  in  Table  6  and  Appendix,  Table  15. 

The  10  cows  fed  alfalfa  pellets  as  the  solo  source  of  roughage  oonsumed  an 
average  of  12.6  gallons,  or  105  pounds,  per  day.  "Water  consumption  per  100 
pounds  of  body  weight  averaged  1.1  gallons,  or  9.1  pounds.  By  comparison,  the 
one  Guernsey  cow  being  fed  hay  and  silage  as  roughage  consumed  an  average  of  10.4 
gallons,  or  87  pounds,  and  1.2  gallons,  or  10.1  pounds  per  100  pounds  of  body 
weight. 
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Comparison  -was  made  also  between  the  water  consumption  of  the  cows  during 
their  last  week  on  alfalfa  pellets,  and  the  same  cows  the  following  week  when 
they  were  fed  hay  and  silage  as  roughage.  During  the  last  week  on  pellets,  the 
average  water  consumption  was  109  pounds,  while  the  following  week,  when  fed 
hay  and  silage,  the  average  consumption  was  106,  or  only  3  percent  more. 

Urination.  Cows  in  the  various  roughage  groups  correspond  rather  closely 
in  average  number  urinations  for  24  hours  (Table  5).  In  Table  13  in  the  Ap- 
pendix, a  comparison  is  made  of  urinations  by  rations  and  breeds  of  cows.  There 
were  no  consistent  differences  in  number  of  urinations  between  breeds  of  cows, 
or  between  groups  of  cows  when  fed  different  types  of  roughage. 

Defecation.  The  number  of  defecations  per  24  hours  are  given  in  Table  6, 
and  the  number  of  defecations  classified  according  to  breed,  are  listed  in  Table 
13  in  the  Appendix.  Eleven  defecations  per  day  arc  considered  normal  by  liead 
and  Gos«  (1935),  while  Dukes  (1956)  lists  a  range  of  10  to  24  defecations  per 
24  hours.  All  group  averages  for  nunber  of  defecations  per  day  were  within  the 
noriral  range.  This  is  in  disagreement  with  Mead  and  Goss  (1935)  who  reported  a 
50  percent  reduction  In  defecations  when  cows  were  fed  finely  ground  roughage. 

The  Ayrshires  reported  herein  had  the  least  nurriber  of  defecations  of  any  of 
tho  breed  averages  for  all  the  different  roughage  treatments.  The  average  num- 
ber of  defecations  for  Ayrshires  when  fed  pellets  was  considerably  below  norrtal, 
and  when  being  fed  hay,  or  being  fed  silage  and  hay,  the  Ayrshires  were  slightly 
below  normal.  This  breed  difference  can  not  be  satisfactorily  explained  from  the 
data  obtained  in  this  study.  Samples  of  feces  were  collected  twice  weekly  for  a 
one-month  period,  and  analyzed  for  moisture  content.  The  15  cows  used  repre- 
sented the  different  roughage  treatments  being  fed  at  that  tine.  The  average  per- 
oent  moisture  in  the  feces  for  the  various  groups  is  given  in  Table  7,  and  mois- 
ture contents  of  foces  of  individual  oows  are  given  in  Appendix  Table  14. 
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Table  7.  Percentage  of  moisture  in  feces  of  experimental  cows. 


Roughage  group 


t  j  i  t  Average 

it:  i  percent  of 

t  Number  of  i  Number  of  t  Range  in  percent  i  moisture 
i   cows     t  samples   t   of  moisture    j  content 


Pellets 

Hay  and  pellets 
Silage  and  pellets 
Sun-cured  pellets 
Hay  and  silage 


4 

14 

75.90  to  82.41 

78.98 

5 

6 

78.23  to  82.59 

80.70 

4 

6 

78.30  to  82.92 

80.67 

5 

19 

76.21  to  81.45 

80,06 

1 

3 

82.71  to  83.47 

83.10 

The  average  moisture  content  (79  to  81  peroent)  of  the  feces  of  the  cows 
fed  varying  amounts  of  pellets  was  slightly  lower  than  that  of  the  one  check 
cow  (83  percent).  The  moisture  in  the  feces  of  the  control  cow  was  similar  to 
the  normal  of  83  percent  reported  by  Dukes  (1955)  and  the  range  from  83  -  87 
percent  reported  by  Rittman  and  Benedict  (1938). 

Pulse.  Pulse  rates  were  taken  each  observation  period  for  those  cows  ob- 
served. All  pulse  rates  were  taken  at  approximately  4t30  p.m.,  and  the  rates 
reported  are  the  avorape  of  two  separate  counts.  The  pulse  was  taken  by  press- 
ing the  fingers  against  the  posterior  tibial  artery  on  the  medial  surface  of  the 
tibial  region  8-10  inches  above  the  hock  Joint,  as  described  by  Fuller  (1928). 

The  average  pulse  rates  for  the  four  breeds  as  compared  to  results  re- 
ported by  other  stations  are  given  as  follows: 
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Alfred son  and 

Sykes   (lgtf]  Fuller   (13SC) Present  study 

No.         Pulse/        No.         No.  of       Pulse/       No.         No.   of       Pulse/ 
cows         rain.  cows       obser.         min.         cows       obser.         rain. 

Ayrshire  13  76.4  8  332  69.6  6  56  68.9 

Guernsey  22  72.7  7  317  59.8  4  43  72.6 

Holstein  20  71.6  15  687  68.6  6  59  65.9 

Jersey  23  65.9  9  356  62.7  2  17  67.2 

It  can  be  seen  readily  that  the  average  pulse  rates  by  breeds  were  similar 
to  those  reported  by  Alfredson  and  Sykes  (1942)  and  Fuller  (1928),  even  though 
the  cows  in  this  study  were  under  experi-^ental  feeding  conditions.  Differences 
between  roughage  groups  were  not  so  great  as  breed  differences  within  groups 
(Table  5  and  Appendix  Table  13). 

Respiration.  P.espiration  rates  were  observed  and  recorded  for  each  observa- 
tion period.  Rates  reported  were  the  average  of  three  visual  observations,  for 
one  minute,  of  the  flank  of  each  cow.  All  respiration  measurements  were  taken 
at  approximately  4t30  p.m.  There  were  only  small  differences  in  average  respira- 
tion rates  for  the  different  roughage  groups  (Table  5).  These  rates  are  com- 
parable to  normal  respiration  rates  as  reported  by  Dukes  (1955). 

The  effect  of  the  type  of  roughage  fed,  and  the  breed  of  cow,  on  respiration 
rates  is  shown  in  Appendix  Table  13.  Respiration  rates  were  quite  similar  for 
all  breeds.  These  data  are  not  in  complete  agreement  with  Fuller  (1928)  who  re- 
ported relatively  low  respiration  rates  for  Guernsey  cows  (18.6)  and  Jersey 
cows  (21.7). 

Rectal  Temperature.  Rectal  temperatures  were  taken  for  individual  cows  at 
each  observation  period.  All  temperatures  were  taken  and  recorded  at  approxi- 
mately 4t30  p.m.  All  temperatures  were  normal  and  no  difference  could  be  noted 
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between  roughage  groups  or  breeds  of  cows  (Table  G  and  Appendix  Table  13) . 

Phase  II.  Rumen  I'otility 

Palpations  of  the  rumen,  per  rectum,  were  made  to  determine  rumen  tone  and 
motility  on  cowb  fed  various  amounts  of  finely  ground  roughage.  Data  recorded 
for  individual  palpations  are  listed  under  Observations  in  the  Appendix. 

Rumen  contractions  of  the  cows  while  being  fed  alfalfa  pellets  as  the  ex- 
clusive source  of  roughage  were  characteristically  weak  and  smooth,  with  none  of 
the  volcanic  type  of  aetion  which  is  found  in  cows  fed  normal  hay  rations.  The 
number  of  contractions  per  minute  varied  considerably  between  cows  within  the 
pellet  roughage  group,  but  in  all  cases  a  lack  of  rumen  tone  was  evident. 

Cows  whose  rations  consisted  of  hay  and  pellets  had  more  rumen  tone  than 
did  those  on  pellets  alone,  but  rumen  contractions  were  similar  to  those  on  pel- 
lets alone  in  that  contractions  were  irregular,  smooth,  and  weak. 

TOien  rumen  palpations  were  made  during  a  changeover  in  roughage  rations 
(pellets  to  hay  and  silage)  it  was  noticed  that  rumen  movements  became  more  regu- 
lar within  24  to  36  hours  after  hay  and  silage  feeding  was  begun,  but  that  the 
normal  volcanic  action  of  the  contractions  were  not  evident  for  several  days 
thereafter. 

Due  to  a  delay  in  obtaining  the  Dougherty-Crumb  (1949)  pneumatic  piston  ap- 
paratus, recordings  of  rumen  movements  could  not  be  obtained  until  the  latter 
part  of  the  experiment.  This  apparatus  consisted  of  a  piston,  connected  by 
rubber  tubing  to  a  tambour  which  activated  the  pen  arm  of  an  electrically  oper- 
ated kymograph.  "!?ihen  the  apparatus  was  held  in  position  at  the  region  of  the 
left  paralumbar  fossa,  the  pressure  on  the  piston  by  rumen  movements  was  recorded 
on  the  kymograph. 
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By  use  of  this  apparatus,  kymograph  tracings  of  rumen  movements  were  ob- 
tained for  cows  being  fed  the  various  types  of  roughage.  Tracings  were  selected 
which  were  typical  of  recordings  obtained  for  cows  when  fed  pellets  as  the  ex- 
clusive source  of  roughage j  and  others  at  various  intervals  following  a  change 
to  hay  as  the  source  of  roughage.  Comparison  was  also  made  of  tracings  obtained 
from  other  cows  fed  hay  and  silage  (Plate  I).  A  kymograph  tracing  of  rumen  mo- 
tility obtained  from  a  cow  fed  hay  and  silage  shows  the  primary  contractions  (P) 
followed  by  the  secondary  contractions  (S)  in  a  rather  uniform  rhythmic  pattern, 
with  less  interval  between  primary  and  secondary  contractions  than  between  the 
pairs  of  contractions  (E,  Plate  I).  The  extra  rumen  contraction  (ERC)  which  is 
evident  between  rumen  cycles,  usually  oocurs  less  frequently  than  is  found  in 
this  tracing.  In  contrast,  the  typical  recording  taken  of  cows  fed  finely  ground 
roughage  shows  no  evidence  of  rumen  contractions  (A,  Plate  I). 

In  tracings  B,  C,  and  D  (Plate  I) ,  typical  recordings  are  shown  of  rumen 
motility  at  various  periods  of  time  following  a  change  in  roughage  ration  from 
pellets  to  hay. 

Tabulation  of  the  average  length  of  time  during  contractions  and  length  in- 
terval of  time  between  contractions  are  given  in  Table  8.  The  percent  of  total 
time  representing  contraction  time  is  noticeably  greater  for  the  cows  on  the 
silage  and  hay  ration  (47  percent)  than  for  the  pellet-fed  cows  (16  percent). 

These  results  would  seem  to  indicate  that  finely  ground  roughage  impairs 
rumen  motility  by  reduction  in  the  frequency  and  degree  of  contractions,  but 
the  length  of  the  individual  contractions  is  not  reduced  to  any  appreciable 
degree. 
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SUMMARY  AMD  CONCLUSIONS 

Thirty-six  lactatinr  dairy  cows  were  observed  for  various  12-hour  and  24- 
hour  observation  periods  to  determine  the  physiological  responses  to  various 
types  and  forms   of  roughages.     The  results  showed  that  rumination  was  rarkedly 
decreased  when  as  much  as  75  percent  of  the  roughage  ration  consisted  of  finely 
ground  roughage   (P<.01),  fed  in  pellet  form.     When  this  finely  ground  roughage 
comprised  20  percent  of  the  roughage  ration,  no  reduction  in  rumination  time 
was  evident   (P>.05). 

The  reduction  in  ruminating  time  for  cows  fed  dehydrated  alfalfa  pellets 
was  due  to  the  fineness  of  grind  rather  than  to  the  dehydrating  process,  since 
sun-cured  hay  pellets  retarded  rumination  equally  as  much. 

Fifty-seven  percent  of  the  time  while  ruminating  was  while  the  cows  were 
lying.     However,  the  cows  were  lying  only  44  percent  of  the  total  time.     A  cyclio 
distribution  of  rumination  time  ocourred  during  the  24-hour  day,  but  this  my 
have  been  due  to  the  feeding  regimen. 

Water  consumption  of  cows  fed  dehydrated  alfalfa  pellets  was  no  greater 
than  a  oow  receiving  a  normal  roughage  ration,  nor  was  there  a  material  change 
in  water  consumption  when  the  pellet-fed  cows  were  changed  to  a  hay  ration.     The 
moisture  content  of  feces   samples  from  cows  fed  pelleted  rations  was  slightly 
below  normal.     No  consistent  differences  were  noted  in  pulse  rates,  respiration 
rates,  or  rectal  temperatures  of  cows  on  the  different  roughage  treatments. 

In  Phase   II,  rumen  motility  was  studied  in  18  lactating  cows  in  various 
roughage  treatment  groups.     A  lack  of  tone  of  the  rumina  of  pellet-fed  cows  was 
observed  by  rumen  palpation.     Weak,  soft  rumen  contractions  were  noted  in  con- 
trast to  strong  forceful  moven»nts   of  the  hay-fed  cows. 
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By  use  of  the  Doughtery-Crumb  penumatic  piston  rumen  motility  of  the 
pellet-fed  cows  was  found  to  be  slight   if  evidenoed  at  all.     The  number  of  con- 
tractions were  appreciably  reduced  in  cows  fed  pellets  as  compared  to  cows  fed 
hay  and  silage. 

On  the  basis  of  these   investigations   it  may  be  stated  that  the  feeding  of 
finely  ground  roughages  to  dairy  cows  adversely  affects  rumination  time  and 
rumen  motility. 
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Table  10.     Analys 

is  of  general 

affects  of  various  roughages  on 

■which 

paired 

observations  are  ava 

liable. 

7 

ANALYSIS   I 

- 

B  Mr        t 
Breeds Number  j 

24-3 
1 

lour  observational  periods     t 
i          P            j        SCP          t 

12-hour  observational 
H          1        T         1 

periods 
SCP 

A         255 

(2) 

20.2        (1)      6 

.;' 

(1)      8.8 

(3) 

22.0        (4) 

5 

►5 

(4)    1.2 

H         145 

(1) 

28.3        (1)     6 

.1 

(1)   10.4 

(3) 

25.5        (4) 

7 

.9 

(4)   3.8 

163 

(2) 

32.1        (1)   13 

." 

(1)  10.1 

(3) 

20.7        (3) 

10 

.3 

(1)   6.4 

G         470 

(2) 

25.9       (1)     4 

.7 

(2)     4.1 

(2) 

24.2        (2) 

3 

.2 

(5)    3.1 

474 

(2) 

29.6        (1)     4 

*l 

(2)     5.9 

(2) 

27.7       (2) 

5, 

.3 

(5)   3.5 

Source  of 

Degrees 

Sums  of 

Ifean 

variation 

of  freedom 

squares 

squares 

F 

Periods 

1 

55.8 

55.8 

7.3* 

Treatments 

2 

£*  0  c/OO  •  c. 

1,466.6 

193.0** 

H  vs.  P  /  SCP 

(1) 

(2,927.4) 

(2,927.4) 

(305.1)** 

P  vs.   SCP 

(1) 

(         5.8) 

(         5.8) 

( 

.76)   HS 

Interaction  PxT 

2 

16.5 

8.2 

1.1       NS 

Error 

24 

181.5 

7.6 

. 

Total 

29 

3,187.0 

- 

ANALYSIS   II 

Cow 

:  : 

24-hour  observational  period 

t   12 

.-hour  observational  period 

Breed   :   Number 

■  t 

H 

: 

P 

t 

H 

( 

P 

A                249 

(1)      27.6 

(1)        9.2 

(3)      11.4 

(3) 

3.8 

255 

(2] 

28.2 

(1)        6.6 

(3)      22.0 

(4) 

5.5 

H               145 

(I 

28.3 

(1)        6.1 

(3)      25.5 

(4) 

7.9 

137 

(I! 

27.4 

(1)      10.2 

(1)      31.9 

(2) 

7.4 

125 

1 

26.9 

(1)        7.2 

(1)      22.9 

(2) 

2.9 

163 

(2) 

32.1 

(1)      13.8 

(3)      28.7 

(3) 

10.3 

G               483 

1 

22.9 

(1)        1.2 

(3)      21.2 

(1) 

2.1 

470 

(2] 

25.9 

(1)       4.7 

(2)      24.2 

(2) 

3.2 

474 

(2] 

29.6 

(1)       4.6 

(2)      27.7 

(2) 

5.3 

J               363 

(1) 

27.3 

(2)        2.0 

(2)      28.5 

(2) 

0.0 

Source  of 

Degrees 

Source  of 

i'ean 

variation 

of  freedom 

squares 

squares 

F 
5.6* 

Periods 

1 

87.5 

87.5 

Treatments 

1 

4,075.2 

4,075.2 

262 

Interaction  PxT 

1 

29.1 

29.1 

1.9     NS 

Error 

36 

556.5 

15.5 

- 

.    Total 

39 

4,748.3 
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EXPERIMENTAL  OBSERVATIONS 

« 

Nov, 

6, 

1949« 

Three  gr< 

sups  with  8  cows  to  a  group  placed  on  experimental 

* 

roughage 

rations  (75  percent  pellets,  25  percent  hay,  pellets 

alone,  and  chopped  hay). 

Dec, 

3. 

1949i 

First  observations  made  on  physiological  responses  to  roughage 

rations. 

255A  (P) 

observed  licking  the  feed  trough  excessively,  Rumi- 

nation  s] 

.ow  with  as  long  as  one  minute  duration  between 

boluses. 

Dec. 

6, 

1949. 

256A  (P) 

Poor  rumination.  Boluses  seemed  small  and  were 

chewed  for  relatively  short  time.  A  long  pause  between 

boluses. 

. 

24 9A  (H) 

Unable  to  get  water  from  drinking  cup,  IVhen  cup  was 

fixed,  she  drank  excessively  (7.34  p.m.). 

Dec, 

7, 

1949i 

470A  (P) 

Excessive  chewing  of  the  tongue  and  lioking  of  the 

nose.  Ate  a  few  shavings. 

395A  (HP) 

Chewing  on  wood  mangers. 

Dec, 

13, 

,  1949: 

256A  (P) 

Eating  shavings. 

Dec, 

14, 

,  1949. 

248A  (HP) 
470A  (P) 
483A  (H) 

Aborted, 

Eating  shavings. 
Chewing  on  wood  mangers. 

Jan. 

10, 

,  1950 j 

Roughage 

groups  changed.  Pellet  to  hay,  hay  to  pellets,  and 

hay  and  pellet  group  remained  on  the  same  ration. 

Feb. 

7, 

1950. 

137A  (P) 

Eating  shavings. 

ft 

255A  (H) 

Eating  shavings. 

* 

163A  (H) 

Eating  shavings. 
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245A  (P)  Eating  shavings.  Severe  anorexia  removed  from 

- 

experiment  and  fed  hay. 

Feb. 

9.  : 

L950i 

248A  (HP)  Eating  shavings. 

• 

24 9A  (P)  Eating  shavings. 
267A  (HP)  Eating  shavings. 

Feb. 

10. 

1950  j 

482A  (HP)  Eating  shavings. 
483A  (P)  Eating  shavings. 
395A  (IIP)  Eating  shavings. 

Feb, 

13, 

1950 1 

483A  (P)   Severe  anorexia.  Removed  from  experiment  and  fed 
hay. 

Feb. 

14, 

1950  j 

470A  (H)  Liming  of  floor  caused  cessation  of  rumination 

- 

10:08  a.m. 
483A     Removed  from  experiment  2-13  and  fed  hay  but  still 

• 

eating  shavings. 

Feb. 

16. 

1950t 

267A  (HP)  Eating  shavings. 

Feb. 

17, 

1950: 

255A  (II)  Eating  shavings. 

Feb. 

21, 

1950  j 

Cows  weighed  during  observation  period. 
Rumens  palpated:  3-4  p.m. 

249A  (P)  Very  weak  rumen  motions  and  of  short  duration, 

about  2  every  three  or  four  minutes. 
125A  (P)  Contractions  even  and  mild  with  no  strong 

forceful  movements.  About  2  a  minute. 
137A  (P)  Similar  to  125A.  Yfeak  and  milk  contractions. 
363A  (P)  Smooth,  long,  mild  contractions. 
Hay  fed  cows  -  strong  contractions  irregular  and  volcanic 

in  nature.  More  tone  than  pellet  group.  2-3  contrac- 

« 

tions  per  minute. 
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Hay  and  pellet-fed  cows  -  smooth  contractions  but  rela- 

* 

tively  weak.     Rumens  a  little  firmer  than  in  the 
pellet-fed  group. 

• 

Feb. 

22, 

1950i 

Roughage  groups  changed.     Pellet  to  silage  and  pellets,  hay 

to  sun-cured  pellets,  and  hay  and  pellet  group  remained  the 

same. 

Rumens  palpated i     5j00  p.m. 

363A  -   (P  to  S-P  at  a.m.  feeding)   Smooth,  long,  mild  con- 
tractions.    About  3  per  minute. 

Feb. 

23, 

1950i 

163A  (SCP)     aborted   (Trichomoniasis). 
125A  (S-P)     off  feed. 

- 

Feb. 

25, 

1950  j 

Rumens  palpatedj 

137A   (S-P)  -  Smooth,  moderate  contractions. 

125A  (S-P)   -  Contractions  of  slightly  more   intensity  than  137A. 

Not  normal  however. 

249A   (S-P)  -  Similar  to  125A. 

3G3A  (S-P)   -  Smooth, weak  contractions. 

Feb. 

28, 

1950 1 

Rumens  palpated: 

125A   (S-P)   Strong,  forceful  contractions. 

137A  (S-P)   Smooth,  even  contractions,  noticeably  weaker  than 

125A. 

249A  (S-P)   Similar  to  137A. 

363A  (3-P)   Smooth,  weak  contractions.     A  bit  stronger  than 

on  Feb.  25th  but  not  as  strong  as  others  observed. 

March 

6, 

1950: 

256A  (P)   Off  feed  for  previous  two  days.     Rumen  palpated. 

Smooth,  weak  contractions.     Rumen  tone  very  poor,  rumen  flabby. 

• 

Possibly  one  contraction  every  three  minutes. 
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March  7,  1950: 

256A  (P)     Eating  shavings. 

« 

153A  (H-P)  Eating  shavings. 

245A  -  Normal  ration  since  anorexia  from  pellets  Feb.   7,  1950. 

1 

Eating  shavings. 

Hay  and  pellet-fed  cows  changed  to  pellets. 

24 9A   (S-P)  Removed  from  experiment. 

267A  (change  to  pellets  from  hay  and  pellets).     Eating  shavings. 

March  9,  1950i 

137A  (S-P)   Eating  shavings. 
255A   (SCP)   Eating  shavings. 

March  14,1950: 

125A  (S-P)  Bloat,  rope  tied  in  her  mouth  1:25  p.m.,  for  about 
20  minutes.     (Opened  new  silo).     Fed  hay. 

• 

255A   (SCP)   Eating  shavings. 

March  15,1950: 

Group  receiving  silage  and  pellets  changed  to  hay  and  silage. 

• 

March  16,1950: 

240A  (P)  Weak  ruminations,  eating  shavings. 

March  21,1950: 

248A  (?)  Eating  shavings, 
245A  (H-3)  Eating  shavings, 
36 3A   (H-S)  Eating  shavings. 

March  23,1950: 

395A  (P)       Eating  shavings. 

March  29,1950: 

"un-cured  pellet  group  changed  to  dehydrated  pellets. 

March  30,1950: 

255A   (P)     Eating  shavings. 

April  6,  1950: 

133A  (p)     Eating  shavings. 

• 

Miy  6,  1950: 

All  cows  fed  hay. 
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Kansas  ranks  seoond  among  the  states   in  the  production  of  dehydrated 
alfalfa  meal.     Practically  all  commercial  formula  feed  manufacturers  use  some 
dehydrated  forage  in  their  mixes.     Due  to  the  widespread  usage  of  dehydrated 
forages  and  since  it  is  used  in  finely  ground  form,  a  study  vjas  made  of  the 
rumination,  rumen  motility,  and  other  physiological  behavior  of  dairy  cows  when 
fed  varying  amounts  of  this  finely  ground  roughage. 

Twenty-four  cows  fed  different  amounts  of  dehydrated  alfalfa  pellets  were 
observed  for  a  total  of  151  periods  of  12-hours  each,  and  58  periods  of  24- 
hours  each.     Also,  12  cows  fed  coarsely  ohopped  hay  and  silage  rations  were  ob- 
served for  78  periods  of  12-hours  each  and  8  periods  of  24-hours  each.     Actual 
dock  time  was  recorded  for  the  time  each  cow  ruminated,  time  standing  and  time 
lying,  drinking  activities,  urinations,  and  defecations.     Pulse  and  respiration 
rates,  and  rectal  temperatures  were  taken  of  oows  during  observation  periods. 
The  tone  and  contractions  of  the  rumina  of  cows  fed  varying  levels  of  dehydrated 
pellets,  were  determined  by  palpation.     Rumen  motility  was  recorded  on  kymo- 
graph traoings,  by  use  of  the  Dougherty-Crumb  pneumatic  piston  apparatus. 

Rumination  was  markedly  decreased  when  75  percent  or  100  percent  of  the 
roughage  ration  was  finely  ground  (fed  in  pellet  form).     However,  when  the  finely 
ground  roughage  comprised  20  percent  of  the  roughage  ration,  no  reduction  in 
rumination  time  was  evident. 

Reduction  in  rumination  time  for  cows  fed  dehydrated  alfalfa  pellets  was 
due  to  the  fineness   of  grind  rather  than  to  the  dehydrating  process,  since  sun- 
cured  pellets  retarded  rumination  equally  as  much. 

Fifty-seven  percent  of  the  time  while  ruminating  was  while  the  cows  were 
lying.     However,  the  ccws  were  lying  only  44  percent  of  the  total  time.     A 
cyclic  distribution  of  rumination  time  occurred  during  the  24-hour  day,  but  this 
may  have  been  due  to  the  feeding  regimen. 


Water  consumption  of  cows  fed  dehydrated  alfalfa  pellets  was  no  greater 
than  a  cow  receiving  coarse  ground  roughage,  nor  was  there  a  material  change 
in  water  consumption  when  the  pellet-fed  cows  were  changed  to  a  hay  ration. 
The  moisture  content  of  feces  samples  from  cows  fed  pelleted  rations  was 
slightly  below  normal,  No  consistent  differences  were  noted  in  pulse  rates, 
respiration  rates,  or  rectal  temperatures  of  cows  on  the  different  roughages 
fed. 

In  Phase  II,  rumen  motility  was  studied  in  18  lactating  cows  in  various 
roughage  treatment  groups,  A  lack  of  tone  of  the  rumina  of  pellet-fed  cows  was 
observed  by  rumen  palpation.  Weak,  soft  rumen  contractions  were  noted  in  con- 
trast to  strong,  forceful  movements  of  the  hay-fed  cows. 

By  use  of  the  Dougherty-Crumb  pneumatic  piston,  rumen  motility  of  the 
pellet-fed  cows  was  found  to  be  slight,  if  evidenoed  at  all.  The  number  of 
contractions  were  appreciably  reduced  in  cows  fed  pellets  as  compared  with  cows 
fed  coarse,  chopped  hay,  and  silage. 

On  the  basis  of  these  investigations,  it  may  be  stated  that  the  feeding  of 
finely  ground  roughages  to  dairy  cows  adversely  affects  rumination  time,  and 
rumen  motility. 


